An algorithm for constructing nonbinary Quasi-cyclic LDPC (QC-LDPC) 
Introduction
The LDPC codes have been either of the channel codes closest to Shannon limit in the channel coding field so far, and is widely used in various fields of the communication. The LDPC codes have lower decoding complexity and more flexible code rate than the Turbo codes, especially nonbinary LDPC codes having a greater ability to correct burst and random errors are perfectly suitable for highorder modulation communication system. The nonbinary LDPC codes [1] proposed by Davey and MacKay have attracted widespread attention in recent years. The study conducted by Davey and MacKay has demonstrated that the nonbinary LDPC codes have better error correction performance than binary LDPC code when using the improved SPA decoding algorithm, that is nonbinary SPA (QSPA) algorithm. LDPC codes can be categorized into regular LDPC codes and irregular LDPC codes. The results of simulation experiment conducted by Luby show that irregular codes which are constructed appropriately prevails over regular codes in terms of performance owing to the wave effect in the decoding process of irregular codes. LDPC codes falls into two main categories based on the construction method: random construction method [2] [3] [4] and structure construction method [5] [6] [7] [8] [9] [10] , randomly constructed LDPC codes become closer to the Shannon limit as the code length tends to be infinite as compared with structure constructed LDPC codes. However, the performance of the LDPC codes which are well constructed by means of structure method, such as bit error rate（BER）, frame error rate（FER）, floor effect, is not inferior and even better than that of randomly constructed LDPC codes as a result of the infinite length in all practical application. As a subset of the structure construction algorithm, the algorithm for constructing quasi-cyclic LDPC (QC-LDPC) codes [11] [12] [13] [14] [15] [16] have such advantages as simple and low complexity encoder and modular structure of the decoder so as to lower the complexity of hardware implementation for the decoder. With advantages of nonbinary LDPC codes and QC-LDPC codes, based on the algebraic method for constructing LDPC codes proposed by L. Lan et.al. in 2007 [13] ，the author firstly created a parity-check matrix for binary LDPC code with a girth g = 6, and then replaced "1" element with non-zero elements over GF( ) q field in the binary parity-check matrix according to certain criteria, thereby constituting a parity-check matrix for nonbinary LDPC codes. But these codes with simple structure and large girth, especially nonbinary QC-LDPC codes constructed by means of algebraic method which are basically regular LDPC codes with non-zero elements of high-density lead to a decline in the error correction performance owing to the existence of cycle 6 or 8 and large amounts of other small cycles, although they are able to eliminate the cycle 4, so that they can not meet the performance requirements of some systems.
In this paper, a construction algorithm of nonbinary Quasi-cyclic LDPC (QC-LDPC) codes is presented based on the masking and puncturing technology, aiming at the defects of algebraic construction algorithm of nonbinary QC-LDPC codes and the time-varying feature of wireless channels. The parity-check matrix of regular nonbinary LDPC codes can be changed to the parity-check matrix of irregular nonbinary LDPC codes that have nonzero element over GF( ) q field with lower density attributable to masking techniques; the construction of rate-compatible nonbinary LDPC codes can be performed with puncturing technology; the combination of random construction method with structure construction method of check matrix of LDPC codes can not only reduce the complexity of hardware implementation but also enhance the error correction performance of LDPC codes constructed with structure construction algorithm. The stimulation result shows the effectiveness of the algorithm.
Nonbinary QC-LDPC codes
The common form of parity-check matrix for QC-LDPC codes is shown as equation (1) 
In equation ( 
H
By replacing "1" element in the parity-check matrix for binary codes with non-zero element over GF( ) q field, the parity-check matrix for nonbinary LDPC codes is obtained, then let 8 q  , so the parity-check matrix for nonbinary LDPC codes is shown as below: 
Construction of nonbinary QC-LDPC code based on masking technology
The masking technology is to reduce the density of non-zero elements over GF( )  after the masking.
The flow chart of algorithm for construction of irregular nonbinary QC-LDPC codes based on the masking technology is shown in Figure 1 : 
Puncturing technology
The nonbinary QC-LDPC codes mentioned in the preceding section, which are constructed with masking technology, have significantly improved their performance, but in the rate-compatible communication system, changing nonbinary QC-LDPC code rate with puncturing technology is proposed based on the algorithm in above section, in order to reduce the complexity of hardware implementation. The puncturing technology is a widely-used rate-compatible approach for code rate, which implementation process is to obtain a high code rate codes by initially choosing a low code rate mother codes with good performance followed by deleting the parity bits in the codes. In good channel conditions, high code rate nonbinary QC-LDPC codes may be adopted, whereas low code rate nonbinary QC-LDPC codes should be applied in poor channel environment, in order to improve the average effectiveness of the communication system. The channel conditions which can be determined with appropriate techniques (such as channel estimation technique) [17] is not the point of discussion in this paper. The above mentioned algorithm can obtain rate-compatible nonbinary LDPC codes by simply changing the degree distribution of the masking matrix based on puncturing techniques. As the dimension of masking matrix is far less than that of the parity-check matrix for final LDPC codes, thereby greatly reducing the complexity of hardware implementation for rate-compatible nonbinary LDPC codes in communication system. If the puncturing code rate is given by m r , the degree distribution can be achieved by means of the density evolution algorithm based on Gaussian approximation in literatures [18] . The nonbinary LDPC code are obtained by means of the random puncturing approach at punctured code rate m r on the basis of the optimized degree distribution. This program has a practical significance in consideration of the hardware implementation and real-time performance, though the puncturing approach herein may not the best way theoretically.
Simulation result and analysis

Destination node decoding scheme
This simulation parameters in this paragraph are as follows: the basis matrix qc H is chosen for the parity check matrix of EG codes, under BP decoding algorithm, at rate 1/ 2 r  , with a maximum number of iterations set to 32, over AWGN channel, regular EG codes used in proposed algorithm satisfy the degree distribution of (8, 16) , and PEG random construction method is chosen for the masking matrix, the bit nodes satisfy the degree distribution   (8,16) is 2048 bits, and the information bits length of EG codes with degree distribution of (3,6) and MASKEG codes proposed by this paper are about1024 and 2048 bits respectively. Figure 3 shows the BER performance of LDPC codes constructed by masking technology (MASKEG) proposed in this paper with 4 q  . As shown in the simulation graph, there is an obvious difference in the BER curve as the signal-to-noise ratio(SNR) is increased. The MASKEG codes exhibits about 1.5dB SNR gain as compared with EG codes with degree distribution of (8, 16) Figure 4 shows the BER performance of LDPC codes constructed by masking technology (MASKEG) proposed in this paper with 8 q  . As shown in the simulation graph, there is an obvious difference in the BER curve as the signal-to-noise ratio(SNR) is increased. The MASKEG codes exhibits about 2dB SNR gain as compared with EG codes with degree distribution of (8, 16) at the BER =10 -1 and 2048 k  bits, and about 0.25dB SNR gain as compared with EG codes with degree A New Nonbinary Quasi-cyclic LDPC Codes Construction Algorithm Tong Ningning, Wu Yuping distribution of (3, 6) at the BER=10 -6 and 2048 k  bits. There is also about 0.5dB SNR gain between MASKEG codes and EG codes with degree distribution of (3, 6) at the BER=10 -5 and 1024 k  bits. To sum up, the construction algorithm for parity-check matrix in this paper has greatly improved its error correction performance as compared with EG construction algorithm that is applied directly, namely the BER performance has been greatly improved. ,the information bits length of MASKEG code is 1008bits respectively, puncturing code rate m r is respectively 2/3 and 3/4. Viewing the simulation graph, an obvious difference appears in the BER curve with the increase of the signal-to-noise ratio(SNR). There is significant improvement of SNR gain with the decrease of the code rate , and this result shows the correctness of puncturing algorithm proposed by this paper.
Simulation
Conclusions
The nonbinary LDPC codes over high order finite field which can obtain a good compromise between the error floor and the fast convergence have become a research hotspot in the field of LDPC in recent years. As compared with random construction algorithm, the algebraic construction algorithm of LDPC codes have simple coder and decoder structure, lower complexity of hardware implementation, but poor error-correction performance. Meanwhile, the rate-compatible channel encoding program has become a standard technology in wireless communication for it is suitable for the time-varying wireless channel with high transmission rate. In this paper, an construction algorithm of nonbinary LDPC codes is proposed for the drawback of algebraic algorithm for constructing nonbinary LDPC codes and time-varying features of wireless channel based on the masking and puncturing technology. The parity-check matrix of regular nonbinary LDPC codes is transformed into that for irregular nonbinary LDPC codes over the GF( ) q field by means of the masking technology; the construction of rate-compatible nonbinary LDPC codes is achieved relying on puncturing techniques; meanwhile, The combination of structure construction algorithm with randomly constructed algorithms can reduce the hardware complexity, increase the average effectiveness of the communication system, and improved error correction performance of LDPC codes constructed by the structure construction algorithm.
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